The zero of potential of the electrical field produced by the heart beat is defined and measured as the average value over the surface of a large spherical, integrating electrode which contains the subject and a homogeneous conducting medium. The zero of potential thus defined is apparently free of assumptions of any kind and is used to evaluate the error on the three-branch and the fourbranch central terminal with equal resistances. The latter may, in certain instances, be brought to zero by using unequal resistances. The potential function at its electrodes is that of an unweighted resultant vector or a point dipole. The electrodes which contribute to its potential are remote I N a previous report it was shown that
I N a previous report it was shown that = l id 4vR\ V JJ V. dsi = 0 (1) Wherein V p is the arbitrary-dipole function for the sphere; Si is the spherical surface of a large integrating electrode ( fig. 1) ; and V p , the average value of V p , is independent of the position of the dipole distribution within Si and is zero. Si has a radius of three feet and consists of a copper screen held in the form of a spherical surface by an exterior wood frame. An electrical hoist lowers Si into a tank containing tap water. The dipole distribution consisted of a six-pole generating electrode by which one, two, or three electromotive forces were impressed upon the volume conductor and by which the field axis was rotated in three or more noncoplanar directions. The surface Si contained several nonhomogeneous structures, the seat suspension, breathing tubes, face mask, contact microphones, and wire leads. Experimental validity of equation 1 was established by locating four electrodes (R), (L), (F) and (/?) arbitrarily about the generating electrode and showing that the potential V Ti of a four-branch central terminal of Wilson, connected to the electrodes through variable resistances, could be made to satisfy the relation = V o (2) for all directions of the field axis. In equation 2 Vo is the potential of the integrating electrode Si. When the potential Vr 4 is not zero it must vary with rotations of the field axis through three or more noncoplanar directions. On the other hand, when Vo is not zero, the medium within Si is effectively nonhomogeneous and VQ must likewise vary with three or more noncoplanar directions of the field axis. Moreover, the geometric dissimilarity of electrodes (R), (L), (F), and (B) in comparison with Si excludes the possibility of equal variations of VQ and V Ti for three or more noncoplanar directions of the field axis. Consequently, when relation 2 is satisfied for three or more noncoplanar directions of the field axis, it is established that v Ti = y 0 = v, = o for all directions of the field axis. This result cannot be obtained unless the potential function at the electrodes (K), (L), (F), and (B) is that of a point dipole which bears a fixed spatial relationship to the arbitrary tetrahedron defined by these electrodes that produces instantaneous potentials of unlike sign.
THE IMMERSION EFFECT
Equation 1 is based on the assumption that the conducting medium within Si is homogeneous and that Ri the radius of Si, is of any value that permits Si to contain the dipole distribution. The magnitude of Ri for Si was based, however, on the idea of placing the living human subject interior to Si, figure 1. Upon immersion the potential Vo of Si must assume a value sufficiently close to the zero of the potential of the field produced by the heart beat to permit accurate evaluation of the potential at electrodes on the body surface, particularly those electrodes which are utilized with a central terminal of the Wilson type.
The living human subject is a nonhomogeneous volume conductor of irregular closed surface S 2 which contains an arbitrary dipole distribution. Upon immersion a homogeneous medium (tap water) exists between the body surface S 2 and the surface »Si of the spherical integrating electrode. The field of the heart beat now extends throughout the conducting medium exterior to Si. A Helmholtz double-layer on S 2 when acting alone will produce an electrical field between Si and S 2 identical to that which is actually produced by the dipole distribution within S 2 acting alone. Insofar as the potential Vo on Si is concerned it is immaterial whether we regard the field between Si and S 2 as produced by the heart within S 2 or by a Helmholtz double-layer on S2. If the volume contained by Si is large in comparison with that contained by S 2 , and if the mean conductivity within S 2 is large in comparison with that exterior to S 2 , the electrical effect at Si is that of contracting the double-layer on S 2 toward some point Pi interior to Si. According as the doublelayer on S 2 approaches Pi, V o the potential of Si approaches zero. The approach toward zero by Fo is independent of the nonhomogeneity of the medium interior to S 2 and the position of Pi interior to Si.
The skin has long been known to be a poor conductor in comparison with the deeper body tissues and we define a third surface S 3 as separating the skin from the conducting medium contained by it. Let K\, K it Kz be the conductivities respectively of the medium between Si and S 2 , between S 2 and S 3 and interior to S 3 . Let Vi, V 2 , Vz be the respective potential functions on and between Si and S 2 , on and between S 2 and S3, and on and interior to S3. If we take the surfaces S 2 and S3 as concentric about o the center of Si and denote the respective radii of Si, S 2 and S 3 by f, TJ, and £ we can obtain the potential functions Vi, V 2 and V 3 (see Appendix) due to an electrical dipole at o. These relations may be utilized to form a ratio of the potential F 2 on S 2 before immersion with the potential F 2 on S 2 after immersion.
The immersion experiments indicate that

Vo (4)
Thus the potential F 2 at a point on S 2 in air is about five times the value F 2 at the same point on S 2 after immersion in tap water. When suitable values for the specific conductivities are given to Ki and K3 and the radii f, T;, £ the value for K2 which satisfies 4 is found to be relatively large (see Appendix). EXPERIMENTAL TECHNIC Figure 1 shows an immersion experiment under way. The subject is located on a seat suspension interior to the integrating electrode. Four electrodes, (R), (L), (F<) and (B), are strapped on the right and left arms, the left thigh, and the back. The electrodes are rubberized except on their contact surfaces with the skin. The subject is fixed to the seat with a strap and both are fixed interior to Si by a nylon cord suspension from the hoist above to the pole of the sphere below. The subject wears a breathing mask, neck microphones, and lightweight swimming trunks. A cord is held in one hand with which he may operate the lift arm of the electric-hoist switch. By the same switch arm the sphere is elevated or lowered by the two cords which are held by the hoist operator. The two cords which parallel the under surface of the /-beam are used to move the sphere horizontally. During immersion the subject breaths into an anesthesia mask which is connected 
to a closed air line. Two mushroom valves near the mask make the system one-way through a soda lime canister which is located on the top of the sphere.
A T-connection to the air line leads to the rubber bag which is located outside of the sphere at the subject's neck-chest level.* An oxygen tank is used during immersion to maintain a pressure of about 40 cm. of water in the air line. All electrode potentials are transmitted through a multiconductor cable to an appropriate lead selector panel ( fig. 1 ) which is mounted in a mobile cabinet. This panel also contains decade resistances r, l,f, and h for a two, three, or four-branch central terminal. Binding posts on this panel permit connections with a twin beam photographic recorder (Sanborn) or with a preamplifierf constructed purposefully for use with the recorder. All leads were recorded using two to seven times the normal sensitivity. Lead I and occasionally lead II were recorded simultaneously with the unipolar leads for the purpose of a time reference. The unipolar leads V K , VL, V F , V B , VT 3 , and V T , were recorded on all subjects using Vo, the potential of the integrating electrode, as a reference zero of potential. Table 1 summarizes the results with regard to the last two of the leads. It is apparent that the error of the potential V T3 of the three-arm terminal is usually smaller than the error of the potential VT\ of the four-arm terminal in a frequency ratio of 3 to 1. In four subjects V Ts was zero and in one instance V Ti was zero. In two subjects the negative trates the effect of increasing sensitivity of the detector from 2A r to 7A r in steps of ]A r each. It should be noted that V T3 = 0 at 2A r and remains zero at 7A r . During the initial immersions the preamplifier which enables detection at ION sensitivity in steps of IN each was not available. Seven immersions were conducted as controls and in every instance the results were identical to those presented in table 1. Subject number 7 is of unusual interest in that the initial portion of the potential V T3 is positive. Examination of the related electrode potentials revealed that at the time V T , displayed its initial positive value the (0 -» y) component of the field was negative. In all other instances when V T , was initially negative, early in the QRS interval, the (0 -* y) component of the field was positive. Table 1 shows that in the majority of the subjects measured the potential VT 3 presents a single negative deflection as it varies from zero. The peak of this deflection is late in the QRS interval and is timed closely with the peak of the positive deflection in the potential on the (B) electrode which is usually of the form gR. Several attempts were made to correct the negative error on V Ts -If a fourth branch with resistance h, connected to the electrode (B) is added to the three-branch terminal with resistances r, I, and /, and if h is equal to these resistances V Ti now displays a positive deflection which, in most instances, is larger than the negative deflection of V T ,. When the resistance h is made large in comparison with resistances r, I, / only the last two thirds of the positive deflection of V Ti was corrected in the several instances attempted. In two instances the residual initial negative portion of the deflection of VT, was reduced toward zero by decreasing the resistance /. These preliminary observations on an attempt to bring the potential V T of a Wilson central terminal to zero indicate that, in instances where Vr, presents a negative deflection, the portion in the last two thirds of the QRS interval results from an electrical position of the heart which is in or dorsal to the RLF-p\&ne of the Einthoven triangle. The resultant cardiac dipole at this time is directed in a general way toward the electrode (B) and the negative pole of this dipole is nearer to the electrodes (ft), (L), and (F) than is the positive pole of this dipole. The (0 -* z) component of the dipole produces nearly the same effect on V T , as it produces on (V R ), (V L ), or (Vp). Consequently, the late deflection in V T , is negative and, as Dr. Wilson suggested, 4 may be corrected in certain instances by adding to the terminal potential a positive potential on the electrode (B). In most instances the resistance h in the fourth arm must be larger than the resistance r = I = /. Moreover, the electrical position of the heart may in certain instances be nearer to the (ft) and to the (L) electrodes than it is to the (F) electrode. Consequently, when the (0 -> y) component of the field is large early in the QRS interval the first portion of the negative deflection V T , may be reduced by increasing the positive contribution to V T made by the (F) electrode, that is, by reducing the value of t h e / resistance, figure 6 .
DISCUSSION
At this time we are not prepared to discuss further the problem of bringing V T to zero for a subject in whom V T , is not zero with equal resistances. The data presented in table 1 indicate that, if the Wilson terminal is not to be tailored to a given subject, the three-branch terminal connected to electrodes (ft), (L), and (F) through equal resistances is definitely superior to the four-branch terminal with equal resistances. However, recent objection 5 to all reference frames on the basis that the electrodes are not remote is unjustified and is contradicted six times by the data in table 1 where V Ts or V Ti is equal to zero. The theory of a zero of potential on the Wilson central terminal depends in part upon the requirement that every electrode which makes a contribution to the terminal has a potential function which is that of an unweighted resultant of the cardiac dipole distribution. 1 This function is in effect that of a point dipole or doublet. 6 The objection concerning the lack of remoteness of electrodes is synonymous with that in which the cardiac distribution of dipoles requires a weighted resultant for the potential function. The weighting may require a dipole of variable eccentricity or multipoles of higher order. It appears that either objection is without foundation for the electrodes (R), (L), (F), and (B) in every instance when VT, = Vo = 0, when V Ti = Vo = 0 incidentally, and when V Tl can be brought to zero by varying the resistances in the branches of the central terminal. We agree with Kaufman and Johnston 7 that the nonhomogeneous character of the body tissues is of minor consequence. Our evidence is indirect, 3. A satisfactory zero of potential of the heart's electrical field by which the potential function on remote electrodes may be evaluated is denned and measured by the average value of the potential over the spherical surface of a large integrating electrode which contains the subject and a homogeneous conducting medium.
4. The zero of potential thus defined is apparently free from any restricting assumptions and is used to evaluate the potential variations of the three-branch and the four-branch Wilson terminal.
5. A comparison of the potential variations of V Tl , the three-arm terminal with equal resistances, with those of V Ti , the four-arm terminal with equal resistances, in the 18 subjects studied indicates that, unless unequal resistances are used in the latter, the former is best suited for recording the (0 -> y) and the (0 -• * z) components of the spatial vectorcardiogram. The three-branch Wilson terminal was found to have a satisfactory zero of potential in 4 of the 18 subjects.
6. Further studies of the kind herein presented may lead to a sound method of recording the leads for the spatial vectorcardiogram. In the meantime we suggest lead I for the (0 -> x) component, (V F -V T ,) for the (0 -> y) component, and (V H -VT,) for the (0 -> z) component using the respective standardizations N, V3A r , VZN. 7. The tap water immersion of the human subject in the integrating electrode decreases the body surface potentials to about one-fifth of their value in air. The decrease can be eliminated by recording at increased sensitivity.
8. The potential functions for a nonhomogeneous spherical conducting medium with centric dipole are developed in the Appendix. APPENDIX Assume a nonhomogeneous spherical conductor of surface S\. Exterior to Si the medium is air. Interior to Si an electric field is produced by a dipole at 0 the center of Si. Let Sn and S3 define two concentric spherical surfaces interior to Si with S3 interior to S2. The medium between Si and S2 is of conductivity Ki and the potential function on and between S t and S 2 is Vi. The medium between S 2 and S 3 is of conductivity A* 2 and the potential on and between S2 and S 3 is Vi. The medium interior to S3 is of mean conductivity K* and the potential on and interior to S 3 is V 3 . The radii of the surfaces Si, St, S 3 are f, r\, £ respectively. It is desired to determine the potential function everywhere.
Let a small sphere of surface 5' surround the dipole at 0. Exterior to 5' the potential is a solution of the Laplace equation
In (1) we may take n as unity and Sn as cos 9, where 9 is the angle between the positive axis of the dipole and the radius vector to the point of observation. Then 
M t = 2K t + K 3
If the conductor of surface S 2 is in air, we may obtain the potential function V 2 on and between Si and S3 by setting /v\ = 7v 2 
